PLASMA-DERIVED FIBRIN-BASED MATRICES AND TISSUE 



This is a continuation-in-part application of U.S. Patent Application Serial No. 
09/654,517 filed on September I, 2000. 

Field of the Invention 
The present invention relates to novel uses of fibrin, especially plasma-derived fibrin. 
The invention includes the use of fibrin alone as an extracellular matrix. Further, the 
invention includes combining anticoagulated plasma, clotting agents and cells together to 
form engineered tissue. The engineered tissue can include the synthetic manufacture of 
specific organs or "organ-like" tissue. 

Background of the Invention 

Fibrin is a natural clotting agent. Therefore, fibrin and fibrin derivatives have 
commonly been used in hemostatic applications. Its use in analogous applications and in 
connection with various reinforcing additives has been known and well-documented. 

The role of fibrin in the metastatic implantation and growth of cancer cells is also 
known. Cancer cells are typically highly thrombogenic. This causes rapid clot formation 
(fibrin formation) around cancer cells and, unfortunately for many cancer patients, very 
efficiently facilitates the growth of tumors. 

In another field, tissue and organ replacement in patients with failing or damaged 
organ function is hampered by several significant problems. First, the source of replacement 
tissue or a replacement organ is typically a living related or cadaveric donor. Both of these 
sources are limited in number and carry the risk of exposing a recipient to pathologic viruses. 
Second, since the source of the replacement tissue or organ (with the exception of a living 



identical twin donor) is genetically distinct from the recipient, and the problems of organ 
rejection and graft versus host disease are significant. Both of these problems can be treated 
with immunosuppression, but this can cause significant side effects and dramatically 
increases the risk of infection in a patient. 

In a still further field, the emerging techniques with respect to gene transfer can be 
dangerous when performed in vivo. In other words, in vivo gene transfer can expose a 
recipient to various complications associated with the processes used to transfer DNA and/or 
gene sequences into the target cell. Further, there are limitations to known gene therapies, for 
instance, with respect to engineering viral coats large enough to accept large genes such as 
the one for Factor VIH (anti-hemophilic factor). 

In a still further field of study, the science of chemotherapy for cancer patients is, at 
least at some level, based on estimates of effectiveness of various treatments in combating a 
patient's cancer cells. There is no efficient way to identify a patient's cancer cells response 
to chemotherapy in vivo. 

Summary of the Invention 
Accordingly, it is an object of the present invention to overcome the foregoing 
limitations by providing plasma-derived fibrin as an extracellular matrix. In the fields of 
tissue and organ replacement specifically, the use of fibrin, and specifically, a patient's own 
cells and fibrin, could overcome problems of potential infection and rejection. In the field of 
gene transfer, the manipulation of cells could take place in vitro where cells that are cultured 
to be inserted into an extracellular matrix comprised of fibrin could be more easily 
manipulated and tested. Finally, in the context of chemotherapy, the plasma-derived fibrin 
extracellular matrix implanted with a patient's tumor cells could be used to identify in vitro 
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the susceptibility of those cells to alternative chemotherapy treatments. Each of the 
foregoing alternatives can result in safer and more predictable medical practices. 

In one embodiment, there is provided an extracellular matrix for promoting cell 
growth comprising anticoagulated plasma and clotting agent The resulting fibrin can be 
formed of electrospun fibrin fibers or electroaerosol fibrin droplets. Alternatively, the fibrin 
may be formed of extruded fibrin or sheared fibrin. 

In another embodiment, the invention includes an engineered tissue that includes a 
suspension comprising anticoagulated plasma, clotting agent and cells. The cells may be 
stem cells and/or committed stem cells. Further alternatively, the suspension may further 
comprise differentiation inducers, such as DNA sequences (e.g. Myo D to make muscle) or 
pharmaceuticals (e.g. retonic acid and others). Also, the engineered tissue may have a 
predetermined shape and the suspension of resulting fibrin and cells has substantially the 
same predetermined shape. 

The invention further includes the method of forming an engineered tissue comprising 
mixing together anticoagulated plasma, a clotting agent and cells. Additionally, fibrinolytic 
inhibitors may be added at the time of mixture to prevent degradation of the resulting fibrin 
matrix before about two days or longer depending on the tissue formed. 

In still a further embodiment, the invention includes a method of manufacturing an 
extracellular matrix. The method includes streaming an electrically-charged solution 
comprising fibrin onto a grounded target substrate under conditions effective to deposit the 
fibrin on said substrate to form an extracellular matrix. The electrically charged solution may 
further comprise fibrinogen and thrombin. Alternatively, the electrically charged solution 
may comprise plasma and thrombin. The fibrin streamed on to the substrate may comprise 
either electrospun fibers or electroaerosol droplets. 
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In still a further embodiment, the invention includes a method for manufacturing an 
extracellular matrix having a predetermined shape. The method includes preselecting a mold 
adapted to make the predetermined shape and filling the mold with a suspension comprising 
fibrin. The suspension may further comprise fibrinogen and thrombin. Alternatively, the 
method may comprise preselecting a mold adapted to make the predetermined shape wherein 
the mold comprises a grounded target substrate. Then, an electrically charged solution 
comprising fibrin is streamed onto the grounded target substrate under conditions effective to 
deposit the fibrin on the substrate to form the extracellular matrix having the predetermined 
shape. The fibrin streamed onto the substrate may comprise electrospun fibers or 
electroaerosol droplets. 

In still a further embodiment, a method of manufacturing an engineered tissue 
comprising fibrin and cells comprises streaming an electrically charged solution comprising 
the fibrin and cells onto a grounded target substrate under conditions effective to deposit the 
fibrin and cells onto the substrate. The fibrin and cells streamed onto the substrate may 
comprise electrospun fibers or electroaerosol droplets. The cells may be stem cells and/or 
committed stem cells. Alternatively, they may be myoblast cells. 

In still a further embodiment, a method is disclosed for manufacturing an extracellular 
matrix. The method includes an electrically grounded substrate and further providing a 
plurality of reservoirs containing polymer solutions. The reservoirs are connected 
substantially at a single orifice that allows the mixture of solutions from the reservoirs upon 
exit from the reservoirs. The solutions are electrically charged and the mixture of solutions is 
streamed onto the substrate to form an extracellular matrix. In an alternative embodiment, 
the plurality of reservoirs comprises first and second reservoirs. The first reservoir has a 
solution comprising fibrinogen and the second reservoir has a solution comprising thrombin. 



In still a further embodiment, the invention includes a method for testing the 
effectiveness of cancer therapy treatments in vitro. The method includes manufacturing 
engineered tissue comprising anticoagulated plasma, clotting agent and cancer cells. It 
further includes preparing a plurality of samples of the engineered tissue and subjecting a 
plurality of cancer therapy treatments to the samples of engineered tissue. It further includes 
evaluating the relative effectiveness of the cancer therapy treatments. This method may 
alternatively include manufacturing engineered tissue by streaming an electrically charged 
solution comprising fibrin and cancer cells on to a grounded target substrate under conditions 
effective to deposit the fibrin and cancer cells onto the substrate. Also, the cancer cells may 
be obtained from a patient who is in need of cancer therapy treatments. 

Brief Description of the Drawings 

Figure 1 is a schematic of an apparatus for applying strain to a fibrin clot. 

Figure 2 is a micrograph of a fibrin/cell suspension eight hours after gellation. 

Figures 3-5 are micrographs of a suspension of fibrin and cells showing alignment of 
the cells after 8, 27, and 44 hours of applied strain respectively. 

Figure 6 is a micrograph of a fibrin/cell suspension control sample after 44 hours 
under no strain. 

Figure 7 is a schematic of an electrospinning apparatus. 

Detailed Description of Preferred Embodiments 
The present invention describes a technique that allows three-dimensional cell growth 
and tissue/organ synthesis. By mimicking the pathologic process of metastasis, cells are 
placed in a three-dimensional biological matrix of plasma-derived fibrin to support growth 



and normal cell to cell interactions. Cells may grow at a rapid rate in these fibrin structures, 
and may assume the shapes seen in normal tissue and organs. 

In very general terms, the mechanism of metastasis is greatly facilitated by the 
presence of fibrin. When malignant cancer cells detach from a primary tumor, those cells are 
carried by the lymphatic flow to regional lymph nodes, and then by the circulatory system to 
distant potential metastatic sites. This is known based on the examination of blood from 
patients with metastatic disease which reveals circulating tumor cells. These cells are highly 
fhrombogenic. These cells express tissue factor on their surface and thereby initiate the 
clotting sequence. In other words, tumor cells suspended in normal plasma will cause rapid 
clot formation. If the cells are put in plasma and then rapidly removed prior to complete 
clotting of the sample, then the cells are found to be encased in a cocoon of fibrin. This 
ability to induce fibrin formation is known to be a critical step in the process of metastatic 
implantation and growth. 

In the present invention, normal cells are initially cultured by routine techniques. 
Once an appropriate cell density has been achieved, the cells are suspended in either 
solutions of purified fibrinogen or in anticoagulanted plasma. The cell containing suspension 
is then rapidly mixed with a clotting agent such as thrombin. Fibrin, therefore, is formed in 
the resulting suspension. This three-dimensional fibrin structure with the cells implanted in it 
is then returned to a cell culture apparatus for continued growth. As is demonstrated in the 
following examples, the cells attach to the fibrin network and rapidly concentrate themselves. 
Depending on the type of cells suspended in the matrix, the cells can be promoted to grow in 
the same biological appearance as the normal tissue or organ corresponding to the cell type. 

A fibrin matrix can also be used to support and grow cells in three dimensions. It is 
known that cellular morphology is greatly impacted by the environment. Flat substrates such 
as the bottom of a culture dish typically used for cell work may be unnatural and thus not 
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optimal for growth and proliferation. In this invention, cells will be suspended inside a fibrin 
matrix and allowed to grow/multiply until a desired state. The fibrin matrix can then be 
dissolved and the cells recovered for further use. Since the fibrin matrix is easily and 
specifically degraded, sensitive cells can be released with very little trauma or harm as 
compared to the traditional trypsin treatment. Furthermore, a fibrin matrix can provide a 
solid support that can be used to grow tissue at a very high density. One can achieve a 
favorable density by simply collapsing a fibrin gel either mechanically or chemically. This 
has advantages if the "growth" phase and "use/service" phase of the cells in question require 
different cell densities. For instance, growing cells can be made more efficient when more 
dilute, in terms of nutrient and gas transport. When the growth phase is done, the cells can be 
concentrated by collapsing the matrix thus providing a concentrated cell "plug" ready for 
implant or other testing. 

A. Fibrin as an extracellular matrix 

For the purposes of this invention, the term extracellular matrix refers to any three- 
dimensional structure onto which or in which cells can attach, multiply and grow. Other 
common terminology for extracellular matrices include scaffold, platform and, for instance, 
fascial sheath (skeletal muscle). 

The use of fibrin as an extracellular matrix has many advantages. As a clotting agent, 
fibrin is associated with healing in the body. It is a porous medium that allows nutrients and 
waste to flow to and from cells suspended within a fibrin structure. The presence of fibrin 
also promotes the growth of vasculature in adjacent regions, and in many other ways is a 
natural healing promoter. 

Fibrin is a readily available material. It is present in plasma. To the extent that the 
extracellular matrix is being used to fabricate a tissue or organ to be transplanted into a 
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recipient, the recipient's own plasma can be used as a source of fibrin (fibrinogen) to create 
the matrix. In this way, the matrix is made from a recipient's own fibrin, thereby overcoming 
any potential complications with respect to viral exposures from materials obtained from 
other human donors. The recipient will only receive viruses already present in his/her blood. 
Use of fibrin collected from other sources can be made significantly more safe by multiple 
purification steps and by processes such as pasteurization. Unfortunately, at this point, the 
risk of viral infection or other pathogens has not been totally eliminated from such products. 

The plasma used preferably includes an anticoagulant such as, but not limited to, 
sodium citrate, heparin, EDTA, EGTA, hirudin, corn trypsin inhibitor, etc. By using an 
anticoagulant, and varying the concentration of the anticoagulant, the polymerization of 
fibrin (i.e., the amount of time to form a fibrin clot) can be regulated. If fibrin is allowed to 
clot too quickly (approximately less than ten seconds), then the resulting fibrin matrix can be 
too dense, relatively impermeable, relatively brittle or inflexible, the fibrin fibers too thin, or 
otherwise undesirable as a scaffold for cellular growth. Alternatively, if the clotting time is 
greater than approximately ten seconds, and preferably one to several minutes, then the 
resulting fibrin matrix should have favorable characteristics. The specific anticoagulant 
concentration required to obtain a desirable clotting time (fibrin matrix formation time) will 
vary depending on, for instance, the specific anticoagulant used and the concentration of 
plasma. Of course, the clotting time will also vary through manipulation of additional 
factors including the concentration of the introduced clotting agent. 

Finally, fibrin and especially plasma-derived fibrin is an excellent extracellular matrix 
because it is eventually absorbed by the body of the recipient and replaced by other naturally- 
formed extracellular matrices by the cells contained within. In other words, during and after 
fibrin serves its healing/rebuilding purpose, the body will naturally break it back down 
through use of other proteins and factors. This is all part of the natural healing mechanism. 
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There would be no lingering foreign matter - - only the cells and extracellular matrix 
constituting the replacement tissue or organ. 

B. Building the extracellular matrix 

In the most simple terms, fibrin is formed by mixing together fibrinogen and thrombin 
in appropriate concentrations. Plasma-derived fibrin is preferable for many reasons, but any 
type of fibrin could be used. Building an extracellular matrix comprised of fibrin, therefore, 
involves different ways of bringing the precursors fibrinogen and thrombin together. It also 
includes manipulation of the fibrin after it is already formed. 

Specifically, a fibrin gel can be formed by mixing together a solution containing 
fibrinogen with a solution containing thrombin. The particular method of mixture and 
relative concentrations are known to those skilled in the art. One example of this type of 
mixture is mixing fibrinogen at 6 mg/ml with thrombin at 2 units/ml in equal volumes to 
yield 3 mg/ml fibrinogen and one unit/ml thrombin in the final clotting solution. The pH 
should be held at 7.4 with appropriate buffers, the ionic strength should be 0.15, and the 
calcium concentration should be lOmM. By controlling the microenvironment, fibrin can be 
formed with well defined structural characteristics. That is, the diameter of the fibrin fibers 
and the size of the spaces between the fibers (pores) is predictable. This being the case, one 
can engineer fibrin matrices of varying properties by shifting the pH, changing the ionic 
strength, altering the calcium concentration or adding additional polymeric substrates or 
cationic materials. 

As noted earlier, the use of anticoagulants is one way of slowing down the fibrin clot 
formation and can, therefore, affect the matrix structure. The clot formation (matrix 
formation) may also be slowed down by reducing the amount of clotting agents such as 
calcium and thrombin. The calcium concentration should preferably be lOmM or less, 
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preferably 3-10 mM. Also, by reducing the thrombin concentration to less than about one 
unit/ml, the process of clot formation is slowed so that it results in favorable permeability, 
flexibility and large fiber size. Concentrations of calcium and thrombin used in 
commercially available fibrin producing products (fibrin glue, fibrin sealant, etc.) are much 
higher than the ranges noted herein and result in more rapid fibrin formation with resultant, 
undesirable small pore sizes. 

Another way to engineer or modify an extracellular matrix of fibrin is to take a fibrin 
gel or suspension and mechanically manipulate it. This can be done by a calendaring method 
to produce a sheet of fibrin. Also, shearing during calendaring, or shearing separately by, for 
example, by exposing fibrin gel to shear forces between parallel plates, can yield oriented 
fibrin strands. Alternatively, the fibrin can be extruded to form fibers or tubes of fibrin. It is 
easy to envision an artificial tendon, for instance, that could be extruded. The only 
limitations to the mechanical manipulation of fibrin would be that the processing parameters 
have to be closely monitored so that they would not break down the integrity of the fibrin. 

Alternatively, the fibrin can be formed inside a specifically shaped mold. For 
instance, a particular type of organ or tissue that is desired to be replaced has a specific 
shape. That shape is then reproduced and created inside a mold designed to mimic that 
shape. This mold could be filled by forcing the fibrin mechanically into a mold. More 
preferably, however, the solution of fibrinogen and solution of thrombin are joined together 
inside the mold or effectively immediately before as they are being injected into the mold. In 
this way, the fibrin matrix exactly mimics the mold shape. Creating an extracellular matrix 
that has a specific shape can be very important in creating a new organ. The shape of the 
matrix can induce cells seeded into the matrix to differentiate in a specific manner. This can 
result in a more effective, more natural-like organ or tissue being created. 
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An extracellular matrix of fibrin may also be created through the techniques of 
electrospinning and electroaerosoling. For the purposes of this discussion, electrospinning 
and electroaerosoling are terms that are used interchangeably. The difference between them 
is that the electrospinning technique results in the forming of microfibers, while the 
electroaerosoling technique will result in the formation of microdroplets. In order to 
electro spin fibrin, at least two different reservoirs are connected together at an orifice. One 
of the reservoirs contains fibrinogen, another contains thrombin. The solutions containing 
these components are mixed together immediately before they are streamed from an orifice in 
the electrospinning process. In this way, fibrin forms literally as the microfibers or 
microdroplets are formed in the electrospinning process. Specific details relating to the 
electrospinning process are explained in greater detail in pending application serial numbers 
09/386,273 and 09/512,081 and in the following examples. Those applications are 
incorporated by reference as if set forth fully herein. 

Finally, an extracellular matrix incorporating fibrin can made by combining fibrin 
with one or more other materials and components to create a matrix. For instance, it is 
foreseeable to create an extracellular matrix that has both collagen and fibrin incorporated 
into it. This could be useful depending on the specific type of tissue or organ being 
synthesized. For example, the chemical composition of the matrix can also be tailored to 
specific applications. A fibrin matrix can be induced to form in the presence of other matrix 
materials. For example, fibrin can be induced to clot as described in the presence of collagen 
and/or fibronectin and/or laminin and/or other possible matrix constituents, hi this way the 
mechanical and biological properties of the resulting matrix can be modulated. Drugs, other 
peptides (growth factors), and/or DNA could be trapped in the matrix in a similar fashion for 
therapeutic applications, for example to promote healing. The matrix composition could also 
be manipulated after the fibrin has clotted by soaking the matrix in various solutions. For 



example, the fibrin matrix could be supplemented with other matrix constitutes such as 
laminin in this fashion. 

In addition to mixing fibrin with other matrix ingredients, fibrin can be used in 
connection with other matrix building processes. In other words, an extruded tube could 
have an outside layer electrospun onto it wherein the different layers complement each other 
and provide an appropriate matrix to promote a specific type of cell growth. An example 
might include a vascular graft comprised of a primarily collagen tube. Outside the tube, an 
electrospun layer of both fibrin and cells to promote the acceptability of the graft in a 
particular recipient could be added. A second example might be an in vitro skin preparation 
formed by growing fibroblasts in one layer, covering the first layer with electrospun collagen, 
and then growing a second layer composed of epidermal cells in fibrin matrix. This 
"sandwiching" technique could be used to make a variety of tissues. 

C. Treating the extracellular matrix 

The various properties of the extracellular matrix can be adjusted in accordance with 
the needs and specifications of the cells to be suspended and grown within it. The porosity, 
for instance, can be varied in accordance with the method of making the extracellular matrix. 
Electrospinning a particular matrix, for instance, can be varied by fiber (droplet) size and 
density. If the cells to be grown in the matrix require a great deal of nutrient flow and waste 
expulsion, then a very loose matrix could be created. On the other hand, if the tissue to be 
made requires a very dense environment, then a very tight matrix could be designed. 

Particularly with respect to muscle tissue synthesis, it is often desirable to have 
orientation of the muscle cells. The fibrin can be aligned by mechanically controlling the 
electrospinning process. It could be aligned by extruding fibers in a specific orientation. The 
matrix could be oriented in many further ways. 
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The matrix can also be treated or seeded with various factors and proteins to control 
the degradation/absorption of the matrix into a recipient environment. For instance, if the 
cells seeded within the matrix are slow-growing, then it is beneficial to maintain the matrix 
integrity for a long enough period of time to allow the cells enough time to regenerate and 
grow. On the other hand, if the cells are able to quickly reproduce and grow, then a short 
lived matrix could be desirable. Varying the concentration of aprotinin additives, 
aminocaproic acid, tranxemic acid, or similar fibrinolytic inhibitors or the degree of chemical 
cross-linking in the matrix could be used to precisely control this variable. The matrix could 
also be seeded with varying growth factors such as angiogenesis factor to promote a growth 
of blood vessels upon implantation. 

Fibrinolytic inhibitors are important to slow down the degradation/absorption of fibrin 
particularly when used as a platform for engineered tissue. Without inhibitors, fibrin will 
break down and disappear in about two days. While this time frame may be acceptable in 
some applications such as superficial wounds, for instance, more time than two days, 
preferably weeks or months, is desirable. The inhibitors allow a therapist to match the 
degradation time with the type of engineered tissue cells, the size of the engineered tissue, the 
location of implantation, or other relevant parameters. For instance, it is preferable for 
engineered muscle tissue to have a fibrin matrix support for at least several weeks. 

D. Incorporation of cells to create tissue/organs 

The foregoing discussion has been limited to specifics with respect to building an 
extracellular matrix. In order to actually build tissue or organs (or organ-like tissue), it is 
necessary to add cells to the matrix. Preferably, the cells are added either before or at the 
same time as the fibrinogen and thrombin mixtures are brought together. In this way, the 
cells are suspended throughout the three-dimensional matrix. Typically, the cells are 
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included in the mixture that contains the fibrinogen (whether it is plasma or purified 
fibrinogen). When the fibrinogen and thrombin are brought together immediately prior to 
insertion into a mold, or immediately prior to the streaming step in the electrospinning 
process, the result is a good distribution of cells in suspension in the resulting extracellular 
matrix. 

Many types of cells can be used to create tissue or organs. Stem cells, committed 
stem cells, and/or differentiated cells maybe used. Also, depending on the type of tissue or 
organ being made, specific types of committed stem cells can be used. For instance, 
myoblast cells can be used to build various muscle structures. Other types of committed stem 
cells can be used to make organs or organ-like tissue such as livers, kidneys, etc. As noted 
earlier, the shape of the extracellular matrix may help send signals to the cells to grow and 
reproduce in a specific type of desired way. Other factors and differentiation inducers may 
be added to the matrix to promote specific types of cell growth. Further, there maybe 
different mixtures of cell types that are incorporated into the extracellular matrix. This could 
be used to enhance, for instance, the vascularization of the resulting "organ" or "organ-like" 
tissue. 

In certain disease states, organs are scarred to the point of being dysfunctional. A 
classic example is cirrhosis. In cirrhosis, normal hepatocytes are trapped in fibrous bands of 
scar tissue. With the metagenesis technique described herein, it should be possible to biopsy 
the diseased liver, obtain viable liver cells, grow them in this new extracellular matrix and re- 
implant them in the patient as a bridge to or replacement for routine liver transplantations. 

Mixing of committed cell lines in a three dimensional matrix can be used to produce 
structures that mimic complex organs. By growing glucogen secreting cells and insulin 
secreting cells in separate cultures and then mixing them together in a cell- gel matrix, 
structures mimicking functional pancreatic beta islets can be produced. These structures 

14 



could then be placed under the skin or in other locations as implantable, long term treatments 
for diabetes. 

E. Treatment of the cell/fibrin suspension 

Once the engineered tissue (cell/fibrin suspension) is put together, the tissue can be 
immediately inserted into a recipient. Alternatively, the structure can be placed into a culture 
to enhance the cell growth. Different types of nutrients and growth factors can be added to a 
culture (or administered to a recipient) in order to promote a specific type of growth of the 
engineered tissue. In one example, specifically in connection with the preparation of an 
engineered muscle tissue, the cell/fibrin suspension can be mechanically (actively strained) 
or passively strained or electrically preconditioned in order to help with the alignment of the 
cells to form a more functional muscle implant. Passive strain in this context refers to a 
process in which strain is induced by the cells themselves as they contract and reorganized a 
matrix. This is typically induced by fixing the ends of the engineered matrix. As the cells 
contract and alter the matrix the fixed ends of the matrix remain in place and thereby strain 
the cells as they "pull" against the isometric load. The strain not only aligns the cells, it 
sends signals to them with respect to growth and development. 

The cells/fibrin suspension is also an excellent platform for testing various gene 
therapies. In other words, by working with the cells/fibrin suspension in vitro, different types 
of gene therapy and manipulation can be achieved by inserting preselected DNA in the 
suspension (either the cells, fibrin, plasma, etc.). There is a wider range of therapeutic 
techniques available in vitro than when techniques are attempted to be administered in vivo. 
Nonviral techniques such as electroporation may be used to treat the cultured cells prior to 
insertion into the fibrin matrix. They may also be treated within the fibrin matrix before the 
engineered tissue is inserted into a recipient. In vitro gene transfer avoids the exposure of a 
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recipient to viral products and other potentially toxic substances associated with gene 
transfection procedures. In avoids the potential for germ cell line viral incorporation. It 
avoids the problem of finding or engineering viral coats large enough to accept large genes 
such as the one for Factor VIE (anti-hemophilic factor). However, in vivo gene therapy may 
be accomplished by incorporating DNA into the fibrin as it is created, whereby some DNA 
will be incorporated into the in vivo cells in contact with the fibrin as the fibrin slowly 
degrades in vivo. 

Another useful application of the engineered tissue/organ is that it allows the in vitro 
culturing of a patient's tumor cells to identify in vitro suspectability to various types of 
chemotherapy and radiation therapy. In this way, alternative chemotherapy and radiation 
therapy treatments may be analyzed to calculate the very best treatment for a specific patient. 
For instance, an engineered tissue may be manufactured that includes fibrin and cancer cells 
(preferably a patient's own cancer cells). Multiple samples of this tissue can then be 
subjected to multiple different cancer therapies. The samples may further include other cell 
lines or additives to better model a given patient and/or therapy. The results can then be 
directly compared relative to one another. 

Example 1 - Cell Culture 

Several types of cells are used in experiments with the fibrin and plasma clots: 

a) Schwann cells from transgenic mice with truncated SCIP transcription factor. 
These cells have shown premature and excessive myelination in vivo. This line of cells was 
selected, because they can be easily cultured in large quantities without any special factor. 

b) Primary rat Schwann cells from sciatic nerve. These cells do not divide under the 
following experimental conditions. 
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c) Muscle cells of the mouse C2C12 cell line. These cells were selected to 
demonstrate the feasibility of the method on another type of cells in addition to Schwann 
cells, and because they can be easily cultured in large quantities without any special growth 
factor. 

hi all cases the cells were maintained in 10.5 cm 2 plastic culture flasks with 
Dulbecco's modified pyruvate-free Eagle medium augmented with 10% bovine serum and 
1% streptomycin-penicillin (Gibco BRL, Grand Island, NY). The cultures were placed in an 
incubator at 37 C, 7% Co 2 and 100% RH. 

Cells type (a) were cultured to confluence then harvested. Cells type (b) were 
harvested as needed. Cells type (c) were grown in subconfluent cultures for several passages. 
In order to remove the cells for use, the growth media was drained and the culture was treated 
with 1 mL trypsin-EDTA (Gibco BRL) until the cells detached from the bottom of the dish. 
The trypsin was then neutralized with 4 mL of fresh media and the content of the flask 
transferred to a centrifuge tube. The cells were concentrated by centrifugation at 130 g for 5 
minutes. The supernatant was removed and the cells resuspended in fresh media to densities 
of about 10 6 cells/mL for cell type (a) and (c) and 2-5x1 0 5 cells/mL for cell type (b). These 
cell suspensions were used in the experiments described as follows. 

Example 2 - Preparation of thrombin, fibrinogen and plasma stock solutions 

Thrombin was obtained from Baxter as a lyophilized power and dissolved in lOmM 
calcium chloride in deionized water to a concentration of 50 units/mL. Alternatively, 
lyophilized thrombin (Sigma, American Diagnostica, etc.) can be dissolved in 0.15 M NaCl 
and calcium can be added at the time of clot formation. Blood was obtained by aseptic, 
nontraumatic venipuncture of a normal volunteer. The blood was collected into blue top 
vacutainer tubes containing 3.8% sodium citrate. The citrate binding of calcium prevented 
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coagulation of the sample. Platelet poor plasma was prepared by centrifugation at 10,000 g 
for five minutes. Plasma was decanted from the top of the spun tube leaving the last 
centimeter depth of plasma on top of the cells to minimize cellular contamination. The 
citrated platelet poor plasma was filtered through a 0.45 micron filter under sterile conditions 
to remove fine particulate. Unused portions were stored up to three weeks at 4 C. 
Fibrinogen was obtained from Sigma as a lyophilized powder and used immediately after 
dissolution in sterile 10 mM Tris buffer at pH 7.4 and 0.138 M NaCl to a concentration of 3 
mg/mL (roughly the concentration in plasma). 

Example 3 - Free standing clot (eeD formation : 

In order to assess the behavior of the cells in clots, a series of experiments was 
conducted involving different gel densities. To obtain gels with various solids content, the 
plasma and fibrinogen stock solutions were diluted with cell culture media. Clots were 
formed from plasma or fibrinogen using: 

1) undiluted stock solution 

2) 3 parts plasma/fibrinogen solution and 1 part media 

3) 1 part plasma/fibrinogen solution and 1 part media 

The cells suspensions were diluted ten folds with the plasma or fibrinogen solutions. 
Each hemispherical-shaped clot was formed in a plastic culture dish by combining 45 p,L of 
the diluted cell suspension and 5 pL of stock thrombin solution. The two solutions were 
mixed gently but swiftly with a pipette and allowed to gel at 37 C in the incubator for about 
one hour before covering the clot with media. In order to retard enzymatic degradation of the 
clot, lOpL aprotinin (10,000 K.I.U./mL solution) per mL of media was added. 

Example 4 - "Tissue" formation 
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Cells are know to adapt to their environment to suit their needs. Both muscle cells a) 
and c) and Schwann cells self-reorganize fibrin strands into a highly oriented structures. In 
this experiment the behavior of cells in a fibrin matrix which had been imparted a structure 
by external mechanical means was studied. 

Cell suspension in 3 parts plasma and 1 part media was prepared using muscle cells c) 
as described above. The ellipsoid-shaped clot 10 was formed by combining 90 (J.1 of the cells 
suspension with 10 |iL of stock thrombin solution. A short piece of sterile Normex string 1 1, 
a stranded polyimid polymer string from Dupont, was embedded within each of the 
extremities of the clot. Each end of the Normex string 1 1 was then attached to a set of nylon 
screws 12 mating with a 5 mm thick polyethylene holder 13. There was sufficient friction 
between the screws 12 and the holder 13 to prevent any motion once the screws were set. As 
previously discussed, the clot 10 was allowed to stabilize for one hour in the incubator prior 
to introducing the media and the aprotinin. Eight hours after gellation (Figure 2), the 
Normex strings 1 1 were tensioned by slightly turning the nylon screws 12 until the fibrin 
strains in the gel showed alignment under the applied strain. No other adjustments were 
made to the apparatus for the reminder of the experiment. (See Figures 3-5 showing 
alignment of the cells after 8, 27, and 44 hours respectively.) A control was also performed 
using the same cells suspension and gelled under the same conditions other than the clot was 
free standing and not subjected to externally applied strain. (See Figure 6). 

Example 5 - Electroaerosol/spin clots : 

Referring to the schematic in Figure 7, the diluted cells suspension 20 in plain plasma 
and the stock thrombin solution 21 (~1 mL of each) were loaded into separate 3 mL plastic 
syringes 22. The syringes 22 were inserted in separate syringe pumps and connected to a 
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mixing tee 23 via a size 13 tygon tube 24. A 27 gauge needle 25 terminated the outlet of the 
mixing tee. The needle was connected to one pole of a Spellman CZE 1000R high voltage 
power supply 26. The other pole was connected to a stainless steel foil 27 attached to the 
back of a plastic culture dish. The mixing tee 23 was placed at about 10 cm from the culture 
dish. Each of the pumps was set to deliver 1.15 mL/min and a potential of -10 kV was 
applied, causing fibrin/cell drops to travel from the tip of the needle 25 to the culture dish. 

While the invention has been described with reference to specific embodiments 
thereof, it will understood that numerous variations, modifications and additional 
embodiments are possible, and accordingly, all such variations, modifications, and 
embodiments are to be regarded as being within the spirit and scope of the invention. 
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